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1 .0  Introduction 

STP  #1020  began  on  February  18, 2000  based  on  a  Technical  Proposal  dated  September  2, 1999. 
The  overall  objective  was  to  investigate  an  automated  inspection  system  for  polymeric  Traypack 
products.  During  this  STP,  a  Bench-scale,  single  station  unit  was  acquired  and  evaluated.  The 
Bench-scale  unit  was  based  on  the  MRE  pouch  Multiple  Unit  Leak  Detection  system,  MULD, 
along  with  the  iTi-Qualitek  bench  unit  currently  in  use  for  MRE  pouches.  This  work  forms  the 
basis  for  assisting  the  DOD/Traypack  producers  in  selecting  systems  for  in-line  plant  use  and 
startup  of  that  equipment. 

2.0  Background 

The  polymeric  tray  replacement  for  the  metal  tray-can  is  an  urgent  program  of  great  importance 
to  the  Military  Services,  especially  since  past  metal  cans  have  shown  evidence  of  premature 
deterioration.  Since  the  lid  of  a  polymeric  traypack  is  the  same  material  as  presently  used  in 
MRE  pouches  and  its  seal  is  a  thermal  weld  (as  contrasted  to  metal  can  seams),  the  hole  and  seal 
defects  which  occur  in  MRE  production  can  be  expected  in  the  new  Polymeric  Traypack. 
Puncture  of  the  polymeric  tray  bottom,  although  physically  possible,  is  expected  to  be  of  low 
incidence.  CAFT-Rutgers  has  completed  commercialization  of  an  on-line,  automated  leak 
detector  (MULD)  which  has  been  implemented  with  MRE  pouches. 

In  spite  of  significant  investment  in  manpower  for  the  inspection  tasks,  the  final  rate  of  rejection 
of  MRE  lots  for  pouch  abrasions,  open  seals,  and  holes  is  3%.  Evidently  the  human  inspection 
system  is  not  as  effective  as  it  needs  to  be.  The  results  of  STP  #75,  “Leak  Detector 
Implementation”,  indicated  that  human  inspection  accuracy  is  approximately  50%  and  that  the 
bench-scale  leak  detector  is  capable  of  attaining  80-100%  accuracy.  Tests  with  the  Plant-scale, 
Multiple  Unit  Leak  Detector  (MULD)  have  given  results  in  the  90-100%  range.  Experience  with 
Polymeric  tra5q)ack  products  during  the  Traypack  Manufacturability  studies,  STP#1002, 
indicated  that  holes  and  cuts  in  the  lid  were  rare.  The  principal  defects  observed  were  in  the  seal 
area  due  either  to  lid  stock  performance  or  variation  in  traypack  lip  thickness.  USDA  inspection 
data  for  2001  for  polytrays  shows  lot  rejection  rates  for  open  seals  and  leakers  to  be  0.9%  and 
2.6%  respectively. 

The  MULD  unit  can  also  estimate  headspace  (residual  air)  non-destructively.  Current  acceptance 
and  QA  procedures  require  destructive  headspace  testing.  Manual  testing  for  headspace  with  the 
traypack  leads  to  significant  product  loss.  The  current  method  is  also  time  consuming  and  messy. 
The  application  of  the  benchtop  unit  for  measurement  of  residual  gas  in  traypacks  was 
investigated. 


3 


3.0  Results  and  Recommendations 

The  prototype  Bench-scale  unit  was  installed,  tested,  and  accepted  from  the  subcontractor.  As  a 
leak  tester,  the  unit  has  been  100%  effective  at  detecting  leaks  200  microns  or  larger.  The 
technology  and  mechanics  of  leak  testing  carry  over  faultlessly  from  the  MRE  bench-scale  and 
MULD  units.  An  MULD  for  the  polymeric  traypack  would  be  as  or  more  effective  as  the  MRE 
MULD  units.  The  most  likely  location  for  a  hole  is  in  the  lid  stock  of  the  tray  and  the  tray 
contains  more  residual  gas  than  the  MRE  pouch.  Therefore  it  is  less  likely  that  the  hole  would 
get  "plugged"  by  the  product  and  not  detected. 

However,  as  a  residual  gas  tester,  it  is  recommended  that  more  research  be  conducted  with  a  unit 
that  incorporates  a  more  advanced  testing  software  and  mechanics  if  consistent  non-destructive 
residual  gas  testing  is  desired.  Although  iTi-Qualitek’s  unit  proved  useful  to  demonstrate  the 
applicability  of  residual  gas  prediction  based  on  force  measurement,  to  be  useful  in  a  plant 
environment  significant  changes  to  the  base  design  are  recommended.  The  force  sensor  plate 
height  should  be  self-adjusting  to  compensate  for  varying  fill  weights  and  product  heights.  The 
accuracy  of  a  standard  set  of  formulas  would  be  greatly  increased  if  the  variations  caused  by  fill 
weights  and  product  heights  are  eliminated  by  design. 

The  analysis  software  for  a  residual  gas  tester  should  include  a  more  function-specific  interface 
to  provide  easy  to  understand  screen  and  on-line  help.  Different  product  correlation  formulas 
should  be  easy  to  add  and  data  should  be  seamlessly  recorded  without  user  intervention.  An 
integrated  and  dedicated  vacuum  system  should  be  included  with  the  unit  to  reduce  the 
possibility  of  problems  during  test  cycles  from  other  equipment. 

Next  Steps 

While  the  primary  objective  of  this  STP  was  to  develop  and  validate  a  leak  tester,  significant 
interest  has  been  expressed  in  a  non-destructive  residual  gas  tester.  While  the  above  unit  has 
demonstrated  feasibility,  modifications  were  identified  which  would  make  the  system  more 
accurate.  It  is  recommended  that  a  follow  on  project  be  issued  that  would  take  the  learnings 
from  this  project,  survey  the  market  for  alternate  systems,  evaluate  these  alternate  systems  and 
recommend  the  best  possible  non-destructive  residual  gas  system  to  the  industry.  Besides  iTi- 
Qualitek,  two  additional  companies  have  been  identified  that  claim  capability  in  this  area: 
Intertech,  Inc  IL  and  PTI,  Tacaho  NY,  so  far  for  this  evaluation. 

Intertech,  Inc.  of  Illinois  has  been  working  on  altering  one  of  their  commercially  produced 
benchtop  testers  to  measure  residual  gas  in  polytrays.  Lead-times  for  delivery  of  Intertech’s 
more  advanced  systems  that  are  already  programmed  for  gas  testing  are  currently  8-12  weeks. 
After  a  system  is  fabricated  to  better  suit  the  needs  of  residual  gas  testing,  a  study  could  be 
funded  to  partner  with  a  producer  to  test  the  unit  during  regular  production.  Production  data  can 
be  collected  and  correlated  to  post  retort  gas  measurements.  Once  a  producer  is  confident  with 
the  accuracy  of  the  system,  it  would  be  possible  to  reduce  in  process  and  post  process  destructive 
tests  for  residual  gas.  A  transition  period  during  which  both  methods  are  employed  would  be 
required  for  operators  to  gain  familiarity  with  the  machine  and  the  algorithms.  Once  a 
statistically  significant  data  array  is  collected,  destructive  tests  could  be  phased  out  completely. 
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3.1  Economic  Estimates 


Significant  cost  savings  could  be  realized  if  non-destructive  residual  gas  tests  are  substituted  for 
destructive  methods.  Depending  on  annual  production  rates,  savings  could  range  from  $57,120  to 
$856,800  per  year  based  on  the  following  assumptions; 

300,000  trays/year  production  (peace  time  requirements),  2,200  trays  produced  per  8-hour  shift 

300,000/2,200  =  -136  shifts,  1  shift  =  1  lot 

Each  lot  requires  (based  on  C  inspection  level) 

5  End  item  residual  gas  tests  by  the  producer 

5  End  item  residual  gas  tests  by  USD  A 

32  trays/shift  residual  gas  'In  Process',  (4  per  hour,  8  hour  shift) 

Total  42  trays  per  shift  1 36  x  42  =  57 1 2  trays/year 

For  annual  rates  of  300,000  imits/year 

$10/tray  $57,120  $  12/tray  $68,544  $1 5/tray  $85,680  Potential  savings 

For  annual  rates  of 3,000,000  imits/year  (war  time  requirements), 

$  10/tray  $571,200  $  12/tray  $685,440  $  15/tray  $856,800  Potential  savings 

iTi-Qualitek  has  estimated  price  for  the  fabrication  of  additional  fixed  height  sensor  units  to  be 
$35,000-$40,000  each,  plus  a  software  change  cost  of  $5,000.  The  previous  mentioned  Intertech, 
Inc.  currently  produces  commercial  leak  test  units  that  incorporate  automatically  adjusting 
sensors,  non-proprietary,  open  software,  and  integral  vacuum  and  compressed  air  systems. 
Intertech  has  indicated  that  benchtop  test  units  based  on  the  specifications  required  for  the 
polytray  would  be  about  $50,000-$60,000  each.  Since  at  least  one  other  company  produces 
commercially  available  units  based  on  advanced  design  elements  with  short  lead  times,  it  is 
recommended  that  other  manufacturer’s  products  be  reviewed. 
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4.0  Short  Term  Project  Activities,  Phase  I 

4.1  Acquire  Bench-Scale  Unit 

The  test  methodology  used  was  that  of  the  MRE  Pouch  Multi-Unit  Leak  Detector 
(MULD)  and  MRE  Pouch,  Bench-scale  unit.  From  the  units  proposed  by  iTi-Qualitek  for 
die  polymeric  traypack,  detailed  requirements  were  defined  for  the  system  selected. 
Subcontracting  the  unit  ended  up  taking  significantly  longer  than  originally  anticipated. 
Once  subcontracting  was  completed,  machining  issues  and  chamber  leaks  slowed 
fabrication  of  the  unit.  Over-scheduling  and  lack  of  resources  at  iTi-Qualitek  led  to 
additional  slippage.  The  first  portable  PC  received  from  a  third  party  vendor  was 
defective  and  required  replacement.  The  prototype  Bench-scale  unit  was  installed,  tested, 
and  accepted  from  iTi-Qualitek. 

4.2  Develop  Operating  Parameters 

Out  of  the  box  performance  of  the  test  program  yielded  satisfactory  results  with  some 
minor  fine-tuning  of  the  vacuum  set  point.  R.educing  the  test  delay  time  and  test  time 
parameters  did  not  appreciably  change  experimental  results.  Total  cycle  time  was  reduced 
fi-om  about  1  minute  to  30  seconds.  There  was  an  increased  accuracy  for  formulas 
calculated  from  force  measurements  between  20,000  and  40,000  grams  as  compared  to 
lower  forces.  Depending  on  the  product  and  the  target  headspace,  the  vacuum  set  point 
needed  to  be  set  to  between  750mbar  and  875mbar  to  achieve  20,000  to  40,000  grams  of 
force.  The  initial  pressure  plate  was  solid  aluminum.  An  air  stone  material  was  added  to 
the  plate.  The  material  allowed  airflow  through  the  plate  and  provided  better  detection  of 
holes  within  the  plate  contact  area.  Plate  height  was  kept  constant  throughout  the 
experiments.  Optimally,  the  plate  should  be  adjusted  for  each  tray  to  rest  on  the  surface 
of  the  top.  However  in  practice,  the  unit  was  effective  at  leak  detection  with  a  slight  bit  of 
space  to  compensate  for  variability  in  tray  volumes  with  pumpable  products. 

4.3  Determine  Performance 

4.3.1  Leak  Detection 

Leak  detection  performance  was  100%  effective  after  the  installation  of  the  air  stone 
pressure  plate.  Testing  of  20  trays  under  varying  conditions  and  hole  locations  was 
absolutely  conclusive  for  holes  200  microns  or  larger.  Leaks  were  found  in  every  instance 
and  no  false  positive  trays  were  identified. 

4.3.2  Residual  Gas 

The  current  iTi-Qualitek  software  interface  and  analysis  algorithm  installed  on  the 
prototype  unit  was  not  designed  for  residual  gas  testing.  Its  primary  function  is  leak 
detection.  The  default  screen  displays  the  test  results  at  the  end  of  each  cycle.  A  graph  of 
the  force  during  the  entire  test  cycle  can  be  accessed  on  a  separate  screen,  but  cannot  be 
saved.  Force  information  that  can  be  used  to  estimate  residual  gas  is  logged  to  a  data  file. 


6 


Unfortunately,  the  default  test  screen  does  not  include  the  force  measurement  or  graph. 
Suggested  software  improvements  include  an  operator  interface  for  entering  correlation 
data  as  well  as  a  residual  gas  calculation.  iTi-Qualitek  estimates  that  screen  and  program 
changes  would  incur  a  one-time  charge  of  about  $5,000.  See  Appendix  5.2.2  for 
suggested  screen  and  program  alterations. 

Even  if  screen  and  program  changes  were  incorporated  into  the  existing  design,  the  fixed 
sensor  height  will  cause  significant  operational  problems  in  practice.  Each  product  will 
require  analysis  to  calculate  a  formula  to  correlate  headspace  to  force  since  product 
height  and  fill  weight  significantly  affect  the  force  measurement  with  a  fixed  plate  height. 
After  a  formula  for  each  product  is  estimated,  the  test  procedure  would  require  weighing 
each  tray  and  entering  the  value  into  the  test  screen  before  each  test.  However,  even  with 
tray  weight  taken  into  accoimt,  tray  lid  height  variation  for  turkey  slices  trays  has  been 
shown  to  cause  significant  inaccuracy  in  residual  gas  estimation.  Experiments  with  turkey 
slices  in  gravy  prior  to  retorting  showed  very  low  correlation  between  force  and  residual 
gas.  The  reason  for  the  poor  correlation  can  probably  be  attributed  to  the  fact  that  the 
turkey  were  not  fully  submerged  in  the  gravy  and  therefore  the  sensor  could  not  detect 
gas  expansion  in  between  the  slices. 

As  a  process  control  tool  to  predict  residual  gas,  the  unit  can  be  used  to  provide  feedback 
of  headspace  trends  during  production  runs  without  destroying  trays.  Samples  could  be 
taken  more  frequently  at  less  cost.  Significant  software  changes  could  be  incorporated 
into  the  current  iTi-Qualitek  program  to  estimate  headspace  based  on  pre-determined 
formulas.  However,  problems  may  develop  in  use  if  trays  vary  significantly  in 
temperature  and/or  fill  weights.  As  trays  cool,  water  vapor  condenses  and  causes  a 
reduction  in  headspace.  Trays  measured  at  higher  temperatures  will  appear  to  have  much 
more  residual  gas  than  will  be  present  at  cooler  temperatures  or  if  measured  by  traditional 
methods.  The  iTi-Qualitek  system  relies  on  a  force  sensor  at  a  fixed  height  above  the  tray 
lid.  The  height  can  be  changed  by  the  fabrication  of  different  sensor  plate  thicknesses, 
however  the  procedure  for  changing  plates  would  be  cumbersome.  Variation  between 
different  products  and  production  fill  weights  leads  to  variation  in  force  measurement  and 
estimated  gas  measurement.  Since  a  major  benefit  this  imit  can  provide  is  in  process 
monitoring  of  residual  gas  levels,  most  sampling  will  likely  occur  within  the  plant  before 
retorting.  If  hot  fill  products  are  tested  just  after  sealing,  water  vapor  will  be  present  in 
the  headspace.  Traditional  destructive  tests  cause  the  water  vapor  to  condense.  However, 
water  vapor  in  a  sealed  tray  will  expand  under  vacuum  and  lead  to  a  higher  force 
measurement  than  would  occur  after  the  tray  has  cooled.  In  order  to  overcome  these 
errors,  since  temperature  effects  residual  gas  estimation,  the  unit  should  automatically 
measure  the  tray  temperature  and  make  appropriate  compensation.  Alternatively,  the  test 
procedure  could  include  a  step  to  cool  trays  in  a  water  bath  prior  to  testing  to  condense 
the  water  vapor  in  the  headspace,  but  this  would  be  time  consuming  and  not  very 
practical. 

The  current  procedure  for  determining  headspace  is  to  puncture  a  tray  under  water  and 
measure  the  gas  with  an  inverted  graduated  cylinder.  The  tray’s  contents  cannot  be  reused 
and  the  test  is  quite  messy.  Headspace  can  be  estimated  by  inserting  the  tray’s  net  weight 
and  the  force  measured  during  the  test  cycle  into  a  formula  derived  from  previous 
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measurements  and  manual  results.  Derivation  of  a  force  correlation  formula  would  be 
required  for  every  product.  There  is  no  generic  formula  that  can  accurately  predict 
headspace  from  force  across  different  products  with  a  fixed  sensor  plate  height.  Each 
formula  would  be  product  specific.  Significant  variation  in  tray  temperature,  product 
characteristics,  and  filling  will  affect  the  accuracy  of  the  estimation  and  therefore  need  to 
be  accommodated  by  the  software. 

The  force  -  net  weight  to  headspace  correlation  formula  can  be  calculated  by  applying 
regression  analysis  tools  to  a  spreadsheet  of  experimental  data.  Microsoft  Excel  has 
regression  analysis  functionality.  Data  collected  on  retorted  trays  with  pumpable  products 
indicates  a  linear  relationship  between  force  and  headspace.  Formulas  have  been  able  to 
predict  residual  gas  within  ±2%  at  100-120  cc  and  ±8%  above  240cc.  See  Appendix  5.1 
for  additional  experimental  data  and  analysis. 


4.3.3  Weak  Seals 

A  non-destructive  method  cannot  be  used  to  create  vacuum  force  equal  to  typical  burst 
pressures  of  20psig.  The  highest  pressure  differential  for  a  package  sealed  with  no 
vacuum  under  a  near  perfect  vacuum  would  be  equivalent  to  an  internal  pressure  of 
14.7psi.  Unless  procedure  specifications  are  amended,  vacuum  testers  cannot  be  used  to 
replace  destructive  burst  testing  as  is  currently  defined.  Weak  seals  may  be  tested  with  a 
vacuum  tester,  but  the  forces  during  a  test  cycle  would  be  lower  than  currently  specified. 

4.4  Finalize  Design  and  Software 

See  Appendix  5.1.1  Design  Specifications,  Diagrams  and  Images,  and  5.1.2  Interface 
Screen  Images  and  Suggested  Alterations. 
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5.0  Appendix 

5.1  Experiment  Data  and  Anaiysis 

5.1.1  Creamed  Ground  Beef 

5.1.2  Pork  Sausages  in  Brine 

5.1.3  Turkey  Siices  in  Gravy 

5.2  Leak  Tester  Prototype  System 

5.2.1  Design  Specifications 

5.2.2  interface  Screen  images  and  Suggested  Aiterations 

5.3  Vendor  Proposal 
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Residual  Gas  (cc) 


5.1  Experiment  Data  and  Analysis 

5.1.1  Creamed  Ground  Beef  in  Polymeric  Traypack 


Residual  gas  estimation  plot  vs.  traditionally  measured  gas  volumes.  Based  on  constants 
calculated  from  the  following  regression  analysis. 


Simple  Regression  -  RG  vs.  Force  Regression  Analysis  -  Linear  model:  Y  =  a  +  b*X 

SUMMARY  OUTPUT 


Regression  Statistics 


Multiple  R 

0.978649541 

R  Square 

0.957754925 

Adjusted  R 

0.957494153 

Square 

Standard 

7.217448721 

Error 

Observatio 

164 

10 


ns 


ANOVA _ _ 

df  SS  MS  F  Significance  F 

Regression  i  191320.2  191320.2  3672.767  3.1E-113 

Residual  162  8438.834  52.09157 

Total  163  199759 


Coefficients 

Standard 

Error 

tStat 

P-value 

Lower  95%  Upper  95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 

31749 

81.64855801 

0.003401852 

1.245995 

5.61  E-05 

65.52881 

60.60335 

1.6E-118 

3.1E-113 

79.18807 

0.003291 

84.10905 

0.003513 

79.18807 

0.003291 

84.10905 

0.003513 

Average  Absolute  Deviation  for  1 63  samples;  1 .4% 

Median  Absolute  Deviation  for  163  samples;  1 .6% 

Max  Absolute  %  Deviation  for  163  samples;  10.9% 

Based  on  an  R  square  of  .9577,  the  measured  force  model  explains  95.8%  of  the  observed 
residual  gas  (y  variation).  The  sample  model  would  be  a  great  tool  to  estimate  gas  volume  from 
force. 
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Residual  Gaa  (cc) 


5.1.2  Pork  Sausages  in  Brine 


Residual  gas  estimation  plot  vs.  traditionally  measured  gas  volumes.  Based  on  constants 
calculated  from  the  following  regression  analysis. 


Simple  Regression  -  RG  vs .  Force  Regression  Analysis  -  Linear  model:  Y  =  a  +  b*X 

SUMMARY  OUTPUT 


Regression  Statistics 

Multiple  R 

0.99459 

R  Square 

0.98921 

Adjusted  R 
Square 

0.989041 

Standard 

Error 

3.873627 

Observatio 

ns 

66 
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ANOVA 


df 

SS 

MS 

F 

Significance  F 

Regression 

1 

88037.14 

88037.14 

5867.192 

1.14E-64 

Residual 

64 

960.3191 

15.00499 

Total 

65 

88997.45 

Coefficients 

Standard 

Error 

tStat 

P-value 

Lower  95%  Upper  95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 

100.3323 

0.993452 

100.9936 

2.72E-72 

98.34764 

102.3169 

98.34764 

102.3169 

X  Variable 

1 

0.003189 

4.16E-05 

76.5976 

1.14E-64 

0.003106 

0.003272 

0.003106 

0.003272 

X  Variable  1  Residual  Plot 


« 

(0 


W 

O 

a: 


10 

5 

0 

-5 

-10 


-ibodC  ^  ^oo(> 

x  %**  * 


4- 


♦  ♦♦♦.  ♦  , 

30000*  40tl00  50000 


X  Variable  1 


Average  Absolute  Deviation  for  66  samples;  2.0% 

Median  Absolute  Deviation  for  66  samples;  1 .7% 

Max  absolute  %  Deviation  for  66  samples;  5.4% 

Based  on  an  R  square  of  .9892,  the  measured  force  model  explains  98.9%  of  the  observed 
residual  gas  (y  variation).  The  sample  model  would  be  a  great  tool  to  estimate  gas  volume  from 
force. 
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5.1.3  Turkey  Slices  in  Gravy 


Residual  gas  estimation  plot  vs.  traditionally  measured  gas  volumes.  Based  on  constants 
calculated  from  the  following  regression  analysis. 

Simple  Regression  -  RG  vs .  Force  Regression  Analysis  -  Linear  model:  Y  =  a  +  b*X 

SUMMARY  OUTPUT 

Regression  Statistics 
Multiple  R  0.826947 

R  Square  0.683841 

Adjusted  R  0.675734 

Square 

Standard  7.252412 

Error 

Observatio  41 


ANOVA 


df 

SS 

MS 

F 

Significance  F 

Regression 

1 

4436.893 

4436.893 

84.35563 

2.69E-11 

Residual 

39 

2051.302 

52.59748 

Total 

40 

6488.195 

Coefficients  Standard  tStat  P-value  Lower  95%  Upper  95%  Lower  Upper 


_ Error _ 95.0%  95.0% 

Intercept  95.7821  5.953486  16.08841  8.24E-19  83.74005  107.8241  83.74005  107.8241 

X  Variable  0.002348  0.000256  9.184532  2.69E-11  0.001831  0.002865  0.001831  0.002865 

1  _ 


Average  Absolute  Deviation  for  41  samples;  3.9% 

Median  Absolute  Deviation  for  41  samples;  3.5% 

Max  absolute  %  Deviation  for  41  samples;  10.4% 

Based  on  an  R  square  of  .6838,  the  measured  force  model  explains  only  68.4%  of  the  observed 
residual  gas  (y  variation).  The  sample  model  should  be  improved  to  incorporate  additional 
variables  to  better  predict  y  variation  (residual  gas).  Force  can  only  explain  68.4%  of  the 
measured  variance. 


5.2  Leak  Tester  Prototype  Unit 
5.2.1  Design  Specifications 


RFP# 


The  State  University  of  New  Jersey 
RUTGERS 

Cook  College  -  Center  for  Advanced  Food  Technology 

CORANET  Program 
Specifications 
for 

Polymeric  Traypack  Integrity:  Bench- Scale  Tester 

This  specification  covers  the  requirements  for  a  machine  that 
tests  military  polymeric  traypacks  for  leaks  and  residual  gas 
under  the  CORANET  Program  under  STP  #1020  -  "Polymeric  Traypack 
Integrity:  Bench-scale  Unit."  The  CORANET  program  demonstration 
site  uses  equipment  for  research  and  development  of  new 
packaging  methods  and  materials. 

Rutgers  has  developed  a  non-destructive  vacuum  leak  test  method  for  MRE  pouches, 
significantly  improving  the  defect  detection  capability  in  production  (Multi-Unit  Leak  Detection 
system).  The  objective  of  this  project  is  to  build  a  bench-scale  unit  suitable  for  developing 
operating  parameters  for  the  polymeric  traypack  by  applying  the  same  technology. 


This  specification  consists  of  the  following  sections: 

1.  Functional  Description 

2 .  Performance  Requirements 

3 .  Package  Information 

4 .  Design  Requirements 
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5 .  General 

6 .  Acceptance 

7 .  Shipping  and  Installation 


1.0  Functional  Description 

A  single  station  traypack  test  unit.  The  tray  will  be  hand  loaded  into  a  cavity  which  forms  a 
sealed  vacuum  chamber.  Pressure  within  the  chamber  is  then  quickly  reduced  by  a  self 
contained  vacuum  system.  Response  of  the  tray  is  detected  by  a  load  cell  sensor  and  evaluated 
by  the  control  system.  The  control  system  and  operator  display  will  employ  features  of  MULD 
system  to  the  extent  practical. 


2 . 0  Performance  Requirements 

2.1  Leak  Detection  Accuracy.  The  system  will  detect  defects 
with  equivalent  accuracy  as  the  MULD.  Minimum  hole  size  300 
micron. 

2.2  Operation.  The  system  will  run  a  test  cycle  equivalent 
to  the  method  used  on  the  MULD. 


3 . 0  Package  Information 

3.1  Military  Polymeric  Traypack.  Traypack  conforms  to  MIL- 
PRF-32004.  Lidstock  will  be  either  three  or  four  layer  laminate 
construction.  Trays  are  filled  with  retorted  food  products  such 
as;  beef  stew,  chicken  and  rice,  ham  slice.  Trays  contain  0- 
600CC  residual  air  and  inspected  at  85°F  ±15, 

3.2  Commercial  Institutional  Tray.  CPET  Tray  MX-104128-25 
produced  by  Mullinix  Packages  or  equivalent.  Lidstock  will  be  a 
laminate  structure  whose  primary  component  is  nylon,  with 
peelable  seals  that  yield  at  2-3psi  internal  pressure.  Trays 
are  filled  with  macaroni  and  cheese  or  similar  product.  Trays 
contain  up  to  lOOOcc  residual  gas  and  are  inspected  from  32- 
150°F. 


4 . 0  Design  Requirements 

4.1  Material  Handling. 
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Trays  will  loaded/unloaded  manually  with  minimal  effort  and 
without  the  use  of  tools.  Customized  infills  or  carriers  for 
each  tray  style  is  permitted. 

4.2  Controls. 

4.2.1  Control  System.  The  leak  tester  will  be  supplied 
with  all  necessary  controls,  including  data  acquisition  boards 
and  PC  as  needed. 

4.2.2  Control  Panel.  The  leak  tester  will  retain  the  look 
and  feel  of  the  MULD  to  the  extent  possible. 

4.2.3  Information  Display.  The  leak  tester  will  retain  the 
look  and  feel  of  the  MULD  to  the  extent  possible. 

4.2.4  Data  Collection.  Test  results  will  be  stored  in 
files  using  the  same  format  as  the  MULD  to  the  extent  possible. 

4.3  Test  Method.  The  leak  tester  will  subject  each  tray  to 
preset  vacuum  (Pressure  mode)  or  to  a  preset  force  (Force  mode) , 
making  a  determination  of  leaks  using  a  force  sensor.  The 
sensor  should  be  designed  for  the  forces  generated  during  tests 
without  damage . 

4 . 4  Vacuum  System 

4.4.1  The  leak  tester  will  be  supplied  with  a  vacuum  pump 
including  piping,  valves,  accumulator  and  manifolds  as  needed. 

4.4.2  The  final  vacuum  pressure  within  the  test  chamber (s) 
must  be  uniform  and  remain  constant  during  the  test. 

4.4.3  The  final  vacuum  pressure  must  be  reproducible  within 
BmBar  at  1  sigma  and  adjustable  to  28  inches  Hg. 

4.4.4  The  final  vacuum  pressure  must  be  reached  within  2.0 
second. 

4.5  Construction.  The  equipment  shall  be  constructed  of 
stainless  steel  or  anodized  aluminum.  The  chamber  should  be 
designed  for  the  forces  generated  during  tests  without 
distortion  or  damage.  Chamber  seals  should  be  maintenance- free 
with  a  reasonably  long  life.  The  sensor  position  relative  to 
the  tray  must  be  adjustable.  The  design  must  accommodate  tray 
lids  that  are  concave  or  convex,  up  to  .5  inch  below/ above  tray 
flange.  An  observation  window  with  internal  chamber 
illumination  is  requested. 

4.6  Electrical.  The  machine  shall  be  wired  for  120. 

4.2  Pneumatic  service  up  to  100  PSI . 

4.7  Physical  dimensions  of  the  proposed  equipment  are  to  be 
provided. 


18 


4.8  Cleanability .  The  equipment  shall  be  designed  for  easy 
cleaning . 

4.9  Safety.  The  vendor  will  provide  equipment  that  is  safe 
to  operate.  Safety  guards,  safety  interlocks  and  emergency  stop 
buttons  are  to  be  provided  where  required  to  prevent  injury  to 
operators . 


5 . 0  General 

5.1  Cost.  The  proposal  is  to  include  the  total  cost  F.O.B. 
Rutgers  University,  Food  Manufacturing  Technology  Facility, 
Piscataway,  NJ.  Cost  of  optional  equipment,  recommended  spare 
parts,  accessories,  installation  and  freight  should  be 
individually  quoted. 

5.2  Delivery  Schedule.  The  vendor  will  specify  the  delivery 
schedule . 

5.3  Service.  The  vendor  will  provide  service  as  needed  to 
fulfill  requirements  of  the  warranty  and  these  specifications. 

5.4  Documentation.  A  set  of  manuals  that  document  equipment 
operational  procedure,  calibration,  maintenance  and  cleaning 
procedure  will  be  supplied  with  the  equipment.  Drawings 
supplied  as  needed. 

5.6  Award.  Selection  will  be  based  on  technical  evaluation  of 
proposals  by  the  CORANET  staff  on  the  following  criteria: 

Delivery 

Performance 

Engineering  Features 

Cost 

Service 

Training 

5.7  Exceptions.  The  vendor  may  take  exception  to  a  part  of 
this  specification  without  being  disqualified  from  consideration 
but  is  to  clearly  identify  any  exceptions  taken. 

5.8  Warranty.  The  vendor  warrants  the  equipment  performance 
specified  herein  for  one  year  from  the  date  of  acceptance.  The 
warranty  includes  all  equipment  and  software  supplied  to  be  free 
from  defects  in  materials  and  workmanship. 
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6.0 


Acceptance 


An  acceptance  test  will  be  run  at  Rutgers  U.  FMTF.  The  test 
will  verify  these  specifications  have  been  met. 

7.0  Shipping  and  Installation 

7.1  The  equipment  will  be  shipped  F.O.B.,  Rutgers  University, 
Food  Manufacturing  Technology  Facility,  120  New  England  Ave, 
Piscataway,  NJ  08854. 

7.2  The  vendor  will  assemble  and  install  equipment  in  full 
working  order  and  provide  training  to  Rutgers  and  plant 
personnel  in  the  operation  and  maintenance  of  the  equipment. 
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Memorandum 


Date:  Jime  14, 2000 

To:  Files 

From:  Neal  Litman 

Principal  Investigator 

Re:  Memorandum  of  Negotiation  for  Bench  Scale  Tester  for  Polymeric  Traypack  Integrity 


ITI-Qualitek  Proposal  No.  7216  represents  the  final  fixed  cost  quotation  for  Polymeric  Traypack 
Integrity:  Bench  Scale  Tester  for  which  Rutgers  University  Food  Manufacturing  Technology 
Facility  is  required  to  build  and  demonstrate  under  the  CORANET  Program  Contract.  The 
Proposal  was  developed  from  extensive  discussions,  specification  review,  site  visits  and 
preliminary  engineering  as  defined  by  the  Specifications.  As  a  result  of  these  discussions,  the 
cost  was  reduced  by  $6,240  from  the  original  quotation.  This  unit  will  be  based  on  unique 
technology  developed  under  a  previous  equipment  development  project  for  which  ITI-Qualitek 
provided  the  sensors  and  software.  I  am  confident  ITI-Qualitek  will  complete  this  system  to  our 
satisfaction  under  the  terms  and  conditions  proposed. 
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Leak  Tester  Chamber  Design  and  Finished  Unit 


5.2.2  Interface  Screen  Image  with  Suggested  Alterations 


TEST  MODE 


Recommended  changes  to  the  interface  screen  are  the  bottom  six,  white  windows.  The  four  white 
blocks  on  the  left  represent  user-input  blocks  for  entering  Tare  Weight,  Gross  Tray  Weight, 
Correlation  Coefficient,  and  Intercept  Factor.  The  windows  on  the  left  are  fields  calculated  after 
the  test  procedure.  The  measured  plate  force  would  be  used  to  estimate  the  residual  gas  by  the 
following  example  calculation; 

(Correlation  Coeff.  X  PLATE  FORCE)+((Net  Weight  X  Intercept  Factor)  +constant)  =  RESIDUAL  GAS 

Programming  changes  should  include  a  user  interface  screen  to  enter  values,  variables,  and 
formulas  for  the  residual  gas  calculation.  The  values  shown  on  the  proposed  default  display 
should  be  directly  accessible  for  alteration.  Entered  values  should  remain  between  tests,  to 
reduce  user  input. 
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5.3  Vendor  Proposal 


m  QUALITEK 


PROPOSAL 

Quote  #  T216 


Response  lo:  The  Sme  University  of  New  Jersey 
RUTGERS,  Cook  College 
Center  for  Advinced  Food  Technology 
CORONET  Program 
RFP# 

issued  By:  Neal  Littnan 

CAFT/Toexi  Miumiactitring  Facility 
Rutgers,  The  State  Umversiiy  of  New  Jersey 
120  New  England  Ave 
Pisewaway.  NJ  08854 

System:  Polymeric  Trtypack  Integrity:  Bcnrli  Scale  Tester 


Proposal  Issued  March  2 1,  2000  Quote  Valid  through:  April  30,  2000 
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Polymeric  Traypack  Integrity:  Bench  Scale  Tester 


1.0  Fimctloitsil  Dc»»criptmi} 

A  single  siaiion  traypack  test  unit  The  trav  will  be  hand  loaded  into  a  cavity  via  a 
drawer  cncchanism.  The  drawer  when  closed  will  form  a  sealed  vacuum  chamber. 
Pressure  in  ibe  chamber  will  be  quickly  reduced  via  an  external  v*iiaium  which  is 
nm  included.  Response  of  the  tray  is  defected  by  a  load  cell  sensor  located  above  the 
tray.  Response  is  fed  to  a  PC'  hosed  control  system  The  control  system  and  opmitir 
display  will  be  suhjaamially  similar  lo  ihc  M1.FLD  system.  Unlike  the  MOLD,  the  single 
station  traypack  test  unit  will  not  have  a  touch  serwm  and  there  will  be  no  PLC  intcrfecc. 

2.0  Perfonnanee 

2. 1  Leak  Detection  Accuracy,  The  tester  will  be  capable  of  detecting  defects  whh  the 
may  vary  based  on  the  product  inside  the  trav  and  whether  or  nor  that  product  \m  rooved 

2.2  Operation,  The  unit  wfll  run  a  test  cycle  equivaJem  in  sequence  to  the  method  used 
on  the  MULD.  The  single  station  traypack  lest  unit  will  evacuate  fester  than  the  Q1 71 
bench  rop  tester  due  to  the  reduced  amount  of  feee  volume  inside  the  test  chamber  and 
enlarged  vacuum  port. 

3.0  Package  tnfomatioa 

3. 1  Military  Potymcric  Traypack.  Traypack  dimensions  **  W  x _ ^  L  x  2”  D. 

Lidstock  will  he  either  \hrec  or  four  layer  laminate  consmicdon.  Trays  will  cemtain 
lOOcc  -  175cc  of  residual  air.  Trays  will  be  tested  at  85*F,  ±  15. 

3.2  Commercial  Institutional  Tniy.  dimensions _ W  x _ L  x  2.5**  D.  Lidstock 

will  be  a  laminate  structure,  the  fnimary  con^nent  bekig  nylon  with  pcelable  seals  that 
vicid  at  2  to  3  psi  internal  pressure.  Trays  will  contain  400cc  -  600cc  of  residual  air. 
Trays  will  be  rested  at  32'^  to  I5QY. 


4.0  Desif  n  He^uireroests 


4  1  Malerial  Handling  Material  handling  will  be  manual  Trays  will  be  hand  loaded  into 
the  chamber  drawer  Chambef  infill  will  support  the  tray  along  the  bottom  and  sidej  to 
limit  tray  deflection.  Chamber  may  incorporate  aluminum  carrier  used  on  packaging  line. 


4.2  Coftimis 

4.2. 1  Control  system  will  include  all  controls  necessary  including  PCB  and  Daq 

minimuiti  procet^r  2,0gb  hard  disk  mmm.^ 

Windows  NT  4.1 


4.2.2  Control  Panel  will  retain  look  similar  to  the  MULD. 
touch  screen. 


4  2.3  Information  Oipiay  will  retain  look  similar  to  the  MULD  Test  sereeg 

to  mimic  rest  screen  oji  MULD  which  shows  5  data  fields 
inctudlnft  Ten  VacuumfmbL  Evac  Force^gramsL  Stab  ForcefgmmsL 


4.3  Test  Method  The  1e^  tester  will  subject  each  tray  lo  a  preset  vacuum,  (Vacuum 

Eflfg.C  mode  on  a  Q^Q  basedL  unit  would  be  a  mujor  modification  Evacuation  of 
the  chamber  will  cause  the  Udstock  to  expand  a$  the  pressure  in  the  tray  exceeds  the 
pressure  in  the  chamber.  TTiis  cxparision  will  generate  a  force  on  tbe  load  cell  sensor. 
Upon  achieving  vacuum,  the  evacuation  valve  will  close  and  vacuum  in  the  chamber  will 
be  held  constant.  The  tray  and  the  chamber  will  be  given  time  to  stabilize  After 
stabilizatioiL  the  control  software  will  monitor  the  force  being  exerted  on  ihc  load  cdl  to 
determine  if  the  tray  is  leaking.  Excess  residual  gas  will  be  detected  by  the  tray  exertir^ 
excess  force  on  the  load  cell  at  standard  lest  voomm  The  sensor  will  have  a  dymasnic 
range  of  Og  -  48,000g  This  is  the  same  sensor  used  in  the  MULD. 
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4.4  Vacuum  Sy^cnt  Xk  yacmm,^*gTcoi  will  he  suppHcd  bv  the  and  shcmJd  be 
enable  of  evacuating  the  test  chamber  to  a  maxiraum  of  28  inches  Hg  within  2  *«M:ond.s. 
Final  vacuum  pressure  should  be  repeatable  to  within  Sinbar  at  I  sigma, 

4.5  Constniction-  In  an  efibrt  to  keep  the  overall  wcigiii  down,  the  chamber  will  be 
constructed  prinuniy  ot  alummum.  ‘Ihc  chamber  wiQ  be  designed  to  accept  forces  with 
a  minimum  of  deflection  and  no  damage.  Chamber  seals  will  be  of  a  i>pc  that  will 
rc<^uirc  minimal  service  and  long  life  under  aonnal  use.  The  sensor  will  be  above  the 
tray  similar  lo  the  Ml/LD.  The  seasors  position  relative  to  the  lid  will  be  accomodated 
via  diflcrcnt  infills  when  changing  honi  the  military  tray  to  the  commercial  mstitulional 
tray.  The  sensor  height  will  be  adjustable  manually  to  aMirmnodaie  different  rray 
thicknesses  among  similar  products.  Sensor  adjustment  stroke  will  be  a  imninmm  of 

4.6  Electricai  The  tester  will  be  wired  for  120v  60Ilz  with  necessary  fuses  to  prevent 
damage  from  power  surges. 


4.7  Pneumatic  Service.  Tlie  unit  will  require  air  pressure  of  not  less  than  75psi  lo  drive 
the  sensor  stroke  device.  Air  supply  must  be  clean  &  dry.  Unit  wilt  have  an  onboard 
niter/regulator. 


4.8  Physical  dimensiDns.  The  dimensions  of  the  test  unit  will  be  apP^ximatelv  54”  high 
wtoh  includes  the  he%ht  of  the  cart  table,  36”  deq»  ami  24”  wide.  Final  design 


4.9  CIcanability.  The  equipment  (test  chamber)  shall  be  designed  to  support  easy 
cleaning. 


4, 1 0  Safety.  The  equipment  will  be  designed  and 

54O  General 

5. 1  Cost  As  outlined  in  Appendix  A 

5.2  Deliveiy*  Schedule. 

Proposal  to  Rutgers 
Contract  Awarded  (start  dale) 

Acceptance  Test 
Delivery,  Training,  InstaUalkm 


constructed  for  safe  opcniiion. 


March  21. 2000 
April  30,  2000 
Award  dale  +  20  weeks. 
Acceptance  test  ^  3  weeks. 
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5  3  Service  Semee  tnciuding  softi^are  and  hardware  as  neederd  to  tliJfiil  of  warramy 

5.4  Documeoution  A  set  of  doairnents  will  be  prosnded  with  the  system 
Documentation  will  include; 

5  4  I  Users  Manual  for  system  operation,  calibration  and  maintenance, 

5  .4  2  Technical  Manual  for  software  operation  beyond  scope  of  user  ftsnetions 
5  4}  Drawings  of  te^  chamber,  system  interftice  to  services 

5  5  Training.  Delivery  will  include  training  for  administrator  level  user,  operator  level 
user,  as  well  as  maimenance  and  calibration  training 

5  6  Warranty  The  waminty  shall  include  ail  equipment  and  proprietary  software  to  be 
free  of  significant  defects  in  materials  and  workmanship  for  one  year  from  date  of 
delivery  Thjs  warrany  does  not  apply  to  customer  supplied  components  including 
computer,  PC  operating  system 

5.7  Terms. 

5.7 1  PaymeiiB  Milestones 

Customer  acceptance  of  chamber  design,  (pre^manufacture) 

Completion  of  Acceptance  Test  ai  m  Qu^itek 
Delivery  /  InstalUtioii  /  Training 

5.7.2  Payments 
All  paymems  axe  net  30  days 


6.0  Acceptance  Test 

Acceptance  test  will  be  paformed  at  the  ITI  Quahteic  facility  in  N.  Billerica,  MA  The 
tests  will  verity  specifications  have  been  met. 


Date 


Dave  Morris,  President 
ITi  QuaJitek 


30% 

50% 

20% 
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